Background: Infantile hemangiomas (IHs) are common vascular tumors. Although it involutes spontaneously, outcomes are unpredictable. Intralesional therapy is one of its treatment modality. We present our experience with combined intralesional therapy for IHs over a 5-year duration. A total of 427 patients were treated and followed at Al-Azhar University Hospitals during the study period of 5 years. All patients were treated by intralesional therapy in the form of combined injection of triamcinolone and bleomycin. All patients were followed for the response. Response to the treatment was graded as marked, partial, and poor improvement. Results: IHs were noticed within the first month of life in 90.2% of patients. The commonest site of involvement was head and neck in 90% of patients. The commonest clinical presentation was swelling with discoloration. Mean age was 7.43 ± 6.04 months and mean IHs size was 15.54 ± 11.13 cm 2 . The response to the treatment was highest for patients below 1 year of age. The reported complications were ulceration, scarring, and subcutaneous atrophy in some cases. Conclusion: Combined intralesional therapy in IHs showed good efficacy in most patients. It is a reliable and safe treatment modality with clear curative effects and minimal complications. If IHs treatment is indicated, combined intralesional therapy should be considered as an alternative effective treatment modality.
Background
Infantile hemangiomas (IHs) are the most common tumors of infancy, characterized by pathologic endothelial cell proliferation. Currently, there are multiple treatment modalities for IHs. In many cases, no treatment is required. However, prompt intervention may be strongly considered in up to 20% of cases. The most important rationale for intervention is the presence of life or function altering complications. There have been various studies suggesting beneficial effects of intralesional therapy of corticosteroids and bleomycin in IHs. However, studies evaluating the combined intralesional treatment of both corticosteroids with Bleomycin are lacking [1] [2] [3] [4] [5] .
Herein, we present a prospective study of combined intralesional therapy in IHs. Combined intralesional injection of corticosteroids and bleomycin was used. Special emphasis was given to indication for treatment, safety, efficacy, and any local or systemic adverse effects of treatment.
Methods
This prospective study included 427 patients with IHs, attending the hemangioma clinic at Al-Azhar University Hospitals between January 2013 and January 2019. The diagnosis was based on history and clinical examination and confirmed by Doppler ultrasonography for all cases. The criteria for study enrollment were complicated IHs (pain, bleeding, ulceration, or unaesthetic appearance), IHs causing functional impairments (periocular, ear, tongue, anogenital lesions), IHs with slow involution or scarring (parotid, lip lesions), patients who cannot tolerate propranolol treatment (children with cardiac abnormalities, parent refusal for propranolol treatment, or side effects of oral propranolol (severe bradycardia, severe hypoglycemia). Port wine hemangiomas, vascular tumors other than IHs, arteriovenous malformations, IHs with intracranial extension and all patients receiving previous systemic treatment for their IHs were excluded from our study to avoid misinterpretation of the results.
All IHs patients fulfilling the criteria for study enrolment were submitted to combined intralesional injection of triamcinolone (at a dose of 1 mg/kg/injection) and bleomycin, (at a dose of 0.2 mg/kg/injection).
Patient management protocol First visit
For all patients, the following were recorded; age, sex, site, size of lesion (measured in 2 access perpendicular to each other using soft tape), numbers of lesions, time of appearance, cause of treatment decision, photography of the lesion and family history. Laboratory investigations include complete blood picture, prothrombin time, and activated partial thromboplastin time. Morning serum cortisol, adrenocorticotropic hormone (ACTH), and fasting serum glucose were measured, height, weight, and blood pressure were also recorded. Radiological investigations include; Doppler ultrasonography and abdominal ultrasonography.
Injection technique
Before injection, the lesion was divided roughly into four quadrants and each quadrant was injected at one time. To minimize bleeding, the lesions were injected using a 26-gauge needle entering through normal skin and advancing toward the lesion, in a radial pattern. After injection, local pressure was applied for 5 min. Analgesia was prescribed for first 24 h then on demand. For parotid lesions the injection was done under ultrasound guidance. Patients with tongue hemangioma need general anesthesia. The interval between injections was 1 month, and number of injections was 7 injections at one therapeutic period (range 2-6).
Follow-up visits (every 1 month)
For all patients before subsequent injection, clinical examination, photographs, and Doppler ultrasonography were done to evaluate response to treatment. Height, weight, and blood pressure were recorded at each visit. Morning serum cortisol, adrenocorticotropic hormone (ACTH), fasting serum glucose were measured, to exclude corticosteroid side effects (morning serum cortisol concentration of less than 5 ng/mL was considered adrenal suppression).
The response to treatment was evaluated clinically by cessation of growth or decrease in size, lightening of lesion color, flattening of lesion surface, and Doppler ultrasonography to evaluate lesion blood flow ( Figs. 1, 2 , and 3). The clinical improvement outcomes were followed every month in the regular weekly Wednesday Grand Round Meeting and clinical improvement was evaluated by our 4 senior pediatric surgeons in pediatric surgery department at Al-Hussein University Hospital.
Results
The Patients' demographic data, lesions size, number of visits, and follow-up is shown in ( Table 1 ). The total number of patients attending the hemangioma clinic was 427, of which 87 were lost to continue the follow-up, and they were excluded from the results. So results were based on 340 patients. The overall male-to-female ratio was 1:4.
The commonest site of involvement was head and neck in 306 patients (90%), abdomen and trunk in 20 patients (5.8%), and anogenital region in 14 patients (4.1%). In 306 patients (90%), IH was noticed within the first month of life. In 34 patients (10%), IH was noticed within the first 3 months of life. The clinical presentation was swelling with discoloration in all patients (100%), cosmetic disfigurement in 272 patients (80%), ulceration in 34 patients (10%), functional disability in 17 patients (5%), and bleeding in 17 patients (5%).
The start of treatment was before 1 year of age in 289 patients (85%) and after 1 year of age in 51 patients (15%). The overall mean age was 7.43 ± 6.04 months. The mean numbers of injections were 5.28 ± 0.50 (range, 1-7). Patient younger than 1 year showed better improvement than children older than 1 year.
The overall mean IH size was 15.54 ± 11.13 cm 2 with marked decreasing of mean lesions size at the end of Table 2) Marked improvement was reported in 300 cases (88%), partial improvement in 20 cases (6%), and poor improvement in 20 cases (6%).
(Marked improvement equal 75 to 90% shrinkage of the lesion with marked decrease in lesion blood flow by Doppler ultrasound, partial improvement (50 to 75% shrinkage of the lesion size) with moderate decrease in lesion blood flow, poor improvement less than 50% shrinkage of the lesion size) with minor decrease in lesion blood flow.
The pretreatment serum ACTH and cortisol concentrations were normal in all patients. The follow-up serum ACTH and cortisol concentrations were normal in all patients (no adrenal suppression). Also, height and weight percentiles did not differ after therapy. None of the patients developed growth delay or cushioned appearance. Blood glucose and blood pressure were within normal ranges during therapy. The reported complications were ulceration in 30 patients (8.8%), scarring in 10 patients (2.9%) and subcutaneous atrophy in 7 patients (2%). All complications are summarized in (Table 3 ). All patients were followed for 6 months' post-treatment.
Discussion
IHs are one of most common tumors of infancy. Although benign neglect is the cornerstone for its treatment, sometimes the final results are unpredictable and incomplete, moreover the time period for complete involution is not definite. This time period may cause severe parents anxiety; therefore, intervention is required [6] [7] [8] .
In most studies, the intervention for IHs is required for lesions which may interfere with vital structure or function; this is true for lesions in airway, gastrointestinal tract, and lesions in the periorbital region, in addition to very large rapidly growing IH, which was more liable to ulceration and/or bleeding, IHs with increased risk of scarring or disfigurement, as lesions of the nose, lip, ear, and large hemangiomas of the face. In the current study, the indications for intervention were required for patients with complicated IH, pain, bleeding, ulceration, or unaesthetic appearance, IHs that occlude vital structures as ear (decreased auditory conduction) and tongue (impaired ventilation and feeding); IHs associated with slow involution or scarring as parotid lesions, lip lesions, lesions on the tip of the nose, or anogenital lesions [9] [10] [11] [12] [13] [14] . The treatment modalities for IHs include systemic corticosteroids, non-selective B blocker (propranolol). However, the use of systemic corticosteroids has a potential side effect and the long duration of the treatment and is not widely used today. Propranolol has been shown to inhibit vascular proliferation of capillary hemangioma. Although it has been accepted as an effective treatment option for hemangiomas and considered as first-line treatment, it has serious reported complications in some children with systemic propranolol treatment as hypersomnolence, reflux, bronchospasm, sever hypotension, severe hypoglycemia, and hyperkalemia. In addition, parent compliance with the use of propranolol is mostly poor. Intralesional therapy for IHs is the second line of treatment in patients who are contraindicated or reported poor compliance with propranolol treatment. They showed good efficacy and high tolerability in children with IHs lesions [15] [16] [17] . There were various studies reporting beneficial effects of intralesional therapy of corticosteroids and bleomycin in IHs. However, studies evaluating the combined intralesional therapy using intralesional corticosteroids with bleomycin are limited. In the current study, combined intralesional injection of corticosteroids and bleomycin was used for treatment of IHs. Indication for treatment, safety, efficacy, and any local or systemic adverse effects of treatment were discussed.
The reported Cushingoid appearance after intralesional steroid injection ranged from 1 to 3%. However, other studies did not show Cushingoid changes after intralesional steroid injection. Morkane et al. [17] reported adrenal suppression and failure to thrive following injection of infantile hemangiomas with high dose of triamcinolone (4-10 mg/kg per injection). Emir et al. used intralesional steroid injection for treatment of IHs in six patients at a dose of 2 mg/kg for 2-5 injections at monthly intervals and they reported that all patients in their study had adrenal suppression during treatment, and they concluded that the use of intralesional steroid therapy is not a superior treatment option for hemangiomas. It also has side effects comparable to systemic steroids. Couto and Greene published a study looking at efficacy and safety of intralesional triamcinolone in 100 infants. All tumors responded (63% regressed and 37% stabilized) and none of the patient had systemic absorption [18] [19] [20] .
In the current study, the reported complications of treatment were ulceration in 30 patients (8.8%) and scarring in 10 patients (2.9%). Subcutaneous atrophy in 7 patients (2 %). the pretreatment serum ACTH and cortisol concentrations were normal in all patients. The followup serum ACTH and cortisol concentrations were normal in all patients during treatment (no adrenal suppression). Also, height and weight percentiles did not differ during therapy. None of the patients developed growth delay or Cushingoid appearance. Blood glucose and blood pressure were within normal ranges during therapy. We may explain these results with the use of very small dose of corticosteroid (1 mg/kg per injection), supporting what is reported in the literature that these complications increased with the use of larger doses and long duration of corticosteroid therapy [21] [22] [23] .
The initial report with intralesional Bleomycin injection by Kullendorff in 1997 includes five children, with painful massive, inoperable IHs. All his treated children were relieved of pain, and the swelling was reduced with no complications or side effects. Muir et al. evaluated the effectiveness of intralesional Bleomycin injection in 37 patients. They reported complete resolution or significant improvement in 87% of the patients. In another study undertaken by Omidvari et al. assessed the effectiveness of intralesional bleomycin injection with 2 weeks intervals for 4 to 6 times in treatment of 32 patients with complicated IHs. They observed that the maximum of lesion regression occurred in the first three months of treatment. They had a follow-up of 6 months and reported no recurrence or systemic and local complications. They concluded that bleomycin is a good therapeutic modality for treatment of IHs especially in painful or massive lesions. Hassan et al. treated 75 patients with intralesional bleomycin injection and found [24] [25] [26] [27] [28] . The reported reactions that commonly occur immediately after intralesional bleomycin injection include local erythema, swelling, and pain. Bleeding, ulceration, cellulitis, hypopigmentation, transient alopecia, and flu-like symptoms may also occur, lymphangitis, flagellate hyperpigmentation, and rarely Raynaud's phenomenon. Pulmonary fibrosis is the most important dose-dependent complication of systemic bleomycin therapy but has not been reported after intralesional bleomycin injection, as the dosage used in sclerotherapy is much lower than those used in oncology. Chaudry et al. performed pulmonary function tests and radiographs on 31 patients and did not observe pulmonary abnormalities in a mean follow-up of 3.2 years [29] [30] [31] [32] [33] [34] . In the current study, the observed complications of treatment were ulceration in 30 patients (8.8%), scarring in 10 patients (2.9%), and subcutaneous atrophy in 7 patients (2%). Beside some local complications in the form of local erythema, swelling, and pain which were self-limiting and managed with analgesia and topical sousing creams.
Yang et al. used intralesional bleomycin plus dexamethasone for treatment of 31 children with infantile parotid hemangiomas. They reported that the addition of corticosteroids, with its known anti-allergic and antiinflammatory properties, may inhibit a possible allergic reaction from bleomycin. Also, it may reduce the excessive formation of scar. Moreover, corticosteroids by itself play a role in controlling growth and possible regression of IHs. They used the term controlling therapy, because they advocate intervention in the early and proliferative phase of IHs, with small dosage and low concentration of both drugs to inhibit the rapid IH growth. In the meantime, they try to keep the space for natural involution of the lesions to occur. They concluded that the role of both drugs interaction and natural IH involution should be considered and interpretation about the effects of intralesional bleomycin injection with addition of corticosteroids was difficult to make solid conclusion that the improvement seen was from the bleomycin and not the corticosteroids or that the reverse is true [35, 36] ..
In the current study, from the authors point of view, bleomycin plays a leading role in the regression of IHs growth and that the synergetic effect of corticosteroids is responsible for the rapid regression of the lesions observed in the patients treated with this combined intralesional therapy. Also the interval between injections was important, this interval was determined according to stage of treatment, the lesion's size, blood flow (by Doppler ultrasound), and treatment response. In the earlier stage of treatment and for large-size lesions with abundant blood flow, we used a relatively short interval between injections (3 weeks) for initial growth control. On the other hand, in the later stages of treatment, this interval was extended (from 1.5 to 2 month) to allow more time for observation of the tumor response to treatment after initial growth control and in the meantime to keep the space for natural involution of the lesions to occur. The injection was stopped if the lesion's size reduced more than 50%, when abundant blood flow could not be detected by Doppler or after 7 injections. Also, it was observed that improvement was better in patients younger than 1 year and this may be due to the intervention during the proliferative phase of the hemangioma cycle.
Conclusion
Combined intralesional therapy in IHs showed good efficacy in most patients. It is reliable and safe treatment modality with clear curative effects and minimal complications. If IHs treatment is indicated, combined intralesional therapy should be considered as an alternative effective treatment modality.
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